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IN VITRO TEST TO DETECT RISK OF PREECLAMPSIA 



Zottjswgy RELATED APPLICATIONS 

This application claims the benefit of the filing date of U.S. Provisional 



5 Application number 60/447,140, entitled "In vitro test to detect risk of preeclampsia", by 
Guillermo G. Mor, Donna M. Neale, and Roberto Romero (filed February 13, 2003), and 
of the filing date of U.S. Provisional Application number 60/516,296 (filed November 3, 
2003). The entire teachings of the referenced Provisional Applications are incorporated 
herein by reference. 
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Work described herein was funded, in whole or in part, by National Institutes of 
Health grants ROl HD37137-01 A2 and ROl CA92435-01. The United States 
government has certain rights in the invention. 

15 

BACKGROUND OF THE INVENTION 

Preeclampsia complicates up to 8% of pregnancies and accounts for significant 
perinatal morbidity and mortality (1,2). No definitive etiology or specific predictors of 
the disease has been identified to date. Furthermore, there has been little progress in the 
20 treatment of this disorder, as the cure remains delivery of the fetus and removal of the 
placenta. 

As early as 1915, Williams hypothesized the presence of toxic factors in the blood 
of women with the clinical syndrome of "toxemia" or preeclampsia (25). A number of 
subsequent studies, aimed at determining whether blood from pregnant women or 

25 placental extracts contained factors responsible for hypertension, yielded contradictory 
results (26-28). Tatum and Mule reported that whole blood collected from patients with 
severe preeclampsia could induce transient hypertension when transfused to the same 
patient in the post partum period (28). Pirani and Macgillivray reported similar 
observations after injecting plasma from eclamptic women 6 days after delivery (29). 

30 Since the increase in blood pressure could not be elicited by re-transfusion 6 weeks 
postpartum, the authors concluded that patients with preeclampsia had increased 
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sensitivity to pressor agent(s) lasting about 1 week after delivery, but not as long as 
6 weeks. Thereafter, considerable effort was devoted to the identification of the pressor 
agent responsible for this effect in the maternal circulation. Over the years, the focus has 
encompassed the renin-angiotensin system (30, 31), norepinephrine (32, 33), vasopressin 
5 (34), prostaglandins (35), endothelin (36) and others (37, 38). Despite all efforts, the 
factor(s) responsible for these effects remains to be elucidated. 

It would be useful to be able to identify patients at risk of developing 
preeclampsia. 

10 SUMMARY OF THE INVENTION 

The present invention relates to methods for determining if a pregnant woman is 
at risk of developing preeclampsia. In certain embodiments, the invention relates to 
methods for determining if a pregnant woman has preeclampsia. 

In one embodiment, the subject invention relates to a method for determining if a 

15 pregnant woman is at risk of developing preeclampsia, comprising: (a) culturing human 
trophoblast cells in the presence of serum or plasma from a pregnant woman; (b) 
culturing an equivalent sample of human trophoblast cells under the same conditions as 
cells in (a) but in the absence of serum or plasma from a pregnant woman; and (c) 
comparing viability of cells cultured in (a) with the viability of cells cultured in (b). If 

20 fewer cells cultured in (a) are viable than cells cultured in (b), then the woman is 
determined to be at risk of developing preeclampsia. "Equivalent samples" include 
substantially the same number of cells as a sample to which it is being compared. An 
equivalent sample of trophoblast cells in (b) is a sample of trophoblast cells that includes 
substantially the same number of trophoblast cells as in the sample cultured in (a). The 

25 serum or plasma can be obtained from the pregnant woman at the time the method is 
carried out (at the time the risk is to be determined) or prior to that time (e.g., it may be 
obtained, stored and/or shipped to another location before the method is carried out). 
Optionally, the pregnant woman is to be assessed for risk of developing preeclampsia. In 
certain embodiments, the pregnant woman is in the first trimester of pregnancy. In 

30 certain embodiments, the pregnant woman is in the second trimester of pregnancy. In 
certain embodiments, the pregnant woman is in the third trimester of pregnancy. In 
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certain embodiments, the invention further comprises (d) culturing an equivalent sample 
of human trophoblast cells under the same conditions as cells in (a) but in the presence of 
serum or plasma obtained from a normal control; and (e) comparing viability of cells 
cultured in (d) with the viability of cells cultured in (a), wherein if fewer cells cultured in 
5 (a) than cells cultured in (d) are viable, the woman is determined to be at risk of 

developing preeclampsia. As used herein, a "normal control" is a (one or more than one) 
pregnant woman who remains normotensive throughout the gestation. In all instances 
(e.g., serum or plasma from a pregnant woman or normal control), the serum or plasma 
from the pregnant woman or normal control can be obtained at the time the method is 

10 carried out (at the time the risk is to be determined) or prior to that time (e.g., it may be 
obtained, stored and/or shipped to another location before the method is carried out). 

In one embodiment, the subject invention relates to a method for determining if a 
pregnant woman is at risk of developing preeclampsia, comprising: (a) culturing human 
trophoblast cells in the presence of serum or plasma from a pregnant woman; (b) 

15 culturing an equivalent sample of human trophoblast cells under the same conditions as 
cells in (a) but in the absence of serum or plasma from a pregnant woman; and (c) 
comparing viability of cells cultured in (a) with the viability of cells cultured in (b). If 
fewer cells cultured in (a) are viable than cells cultured in (b), then the woman is 
determined to be at risk of developing preeclampsia. Optionally, the pregnant woman is 

20 to be assessed for risk of developing preeclampsia. In certain embodiments, the pregnant 
woman is in the first trimester of pregnancy. In certain embodiments, the pregnant 
woman is in the second trimester of pregnancy. In certain embodiments, the pregnant 
woman is in the third trimester of pregnancy. In certain embodiments, the invention 
further comprises (d) determining if cells cultured in (a) undergo apoptosis; and (e) 

25 determining if cells cultured in (b) under apoptosis, wherein if more cells cultured in (a) 
undergo apoptosis than cells cultured in (b), then the woman is determined to be at risk of 
developing preeclampsia. Optionally, the apoptosis is determined by detecting an 
apoptotic marker. In certain embodiments, the apoptotic marker is active caspase-3. In 
one embodiment, the active caspase-3 is selected from pl7 and pi 9. 

30 In another embodiment, the present invention relates to a method for determining 

if a pregnant woman has preeclampsia, comprising: (a) culturing human trophoblast cells 
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in the presence of serum or plasma from a pregnant woman; (b) culturing an equivalent 
sample of human trophoblast cells under the same conditions as cells in (a) but in the 
absence of serum or plasma from a pregnant woman; and (c) comparing viability of cells 
cultured in (a) with the viability of cells cultured in (b). If fewer cells cultured in (a) are 
5 viable than cells cultured in (b), then the woman is determined to have preeclampsia. 
Optionally, the pregnant woman is to be assessed for having preeclampsia. In certain 
embodiments, the invention further comprises (d) culturing an equivalent sample of 
human trophoblast cells under the same conditions as cells in (a) but in the presence of 
serum or plasma obtained from a normal control; and (e) comparing viability of cells 

10 cultured in (d) with the viability of cells cultured in (a), wherein if fewer cells cultured in 
(a) than cells cultured in (d) are viable, the woman is determined to have preeclampsia. 

In another embodiment, the present invention relates to a method for determining 
if a pregnant woman has preeclampsia, comprising: (a) culturing human trophoblast cells 
in the presence of serum or plasma from a pregnant woman; (b) culturing an equivalent 

15 sample of human trophoblast cells under the same conditions as cells in (a) but in the 

absence of serum or plasma from a pregnant woman; and (c) comparing viability of cells 
cultured in (a) with the viability of cells cultured in (b). If fewer cells cultured in (a) are 
viable than cells cultured in (b), then the woman is determined to have preeclampsia. 
Optionally, the pregnant woman is to be assessed for having preeclampsia. In certain 

20 embodiments, the invention further comprises (d) determining if cells cultured in (a) 

undergo apoptosis; and (e) determining if cells cultured in (b) under apoptosis, wherein if 
more cells cultured in (a) undergo apoptosis than cells cultured in (b), then the woman is 
determined to have preeclampsia. Optionally, the apoptosis is determined by detecting an 
apoptotic marker. In certain embodiments, the apoptotic marker is active caspase-3. In 

25 one embodiment, the active caspase-3 is selected from pi 7 and pi 9. 

In further embodiments, the invention relates to a method for determining if a 
pregnant woman is at risk of developing preeclampsia, comprising: (a) culturing human 
trophoblast cells in the presence of (i) anti-Fas antibodies and (ii) serum or plasma 
obtained from a pregnant woman; (b) culturing an equivalent sample of human 

30 trophoblast cells under the same conditions as cells in (a) but in the absence of serum or 
plasma obtained from a pregnant woman; and (c) comparing viability of cells cultured in 
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(a) with the viability of cells cultured in (b). If fewer cells cultured in (a) are viable than 
cells cultured in (b), then the woman is determined to be at risk of developing 
preeclampsia. Optionally, the pregnant woman is to be assessed for risk of developing 
preeclampsia. In certain embodiments, the anti-Fas antibodies are cultured with the cells 
5 independently of the serum or plasma. In certain embodiments, the invention further 
comprises (d) culturing an equivalent sample of human trophoblast cells under the same 
conditions as cells in (a) but in the presence of serum or plasma obtained from a normal 
control; and (e) comparing viability of cells cultured in (d) with the viability of cells 
cultured in (a), wherein if fewer cells cultured in (a) than cells cultured in (d) are viable, 

1 0 the woman is determined to be at risk of developing preeclampsia. 

In further embodiments, the invention relates to a method for determining if a 
pregnant woman is at risk of developing preeclampsia, comprising: (a) culturing human 
trophoblast cells in the presence of (i) anti-Fas antibodies and (ii) serum or plasma 
obtained from a pregnant woman; (b) culturing an equivalent sample of human 

15 trophoblast cells under the same conditions as cells in (a) but in the absence of serum or 
plasma obtained from a pregnant woman; and (c) comparing viability of cells cultured in 
(a) with the viability of cells cultured in (b). If fewer cells cultured in (a) are viable than 
cells cultured in (b), then the woman is determined to be at risk of developing 
preeclampsia. Optionally, the pregnant woman is to be assessed for risk of developing 

20 preeclampsia. In certain embodiments, the anti-Fas antibodies are cultured with the cells 
independently of the serum or plasma. In certain embodiments, the invention further 
comprises (d) determining if cells cultured in (a) undergo apoptosis; and (e) determining 
if cells cultured in (b) under apoptosis, wherein if more cells cultured in (a) undergo 
apoptosis than cells cultured in (b), then the woman is determined to be at risk of 

25 developing preeclampsia. Optionally, the apoptosis is determined by detecting an 

apoptotic marker. In certain embodiments, the apoptotic marker is active caspase-3. In 
one embodiment, the active caspase-3 is selected from pi 7 and pi 9. 

In further embodiments, the invention relates to a method for determining if a 
pregnant woman has preeclampsia, comprising: (a) culturing human trophoblast cells in 

30 the presence of (i) anti-Fas antibodies and (ii) serum or plasma obtained from a pregnant 
woman; (b) culturing an equivalent sample of human trophoblast cells under the same 
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conditions as cells in (a) but in the absence of serum or plasma obtained from a pregnant 
woman; and (c) comparing viability of cells cultured in (a) with the viability of cells 
cultured in (b). If fewer cells cultured in (a) are viable than cells cultured in (b), then the 
woman is determined to have preeclampsia. Optionally, the pregnant woman is to be 
5 assessed for having preeclampsia. In certain embodiments, the anti-Fas antibodies are 
cultured with the cells independently of the serum or plasma. In certain embodiments, 
the invention further comprises (d) culturing an equivalent sample of human trophoblast 
cells under the same conditions as cells in (a) but in the presence of serum or plasma 
obtained from a normal control; and (e) comparing viability of cells cultured in (d) with 

10 the viability of cells cultured in (a), wherein if fewer cells cultured in (a) than cells 
cultured in (d) are viable, the woman is determined to have preeclampsia. 

In further embodiments, the invention relates to a method for determining if a 
pregnant woman has preeclampsia, comprising: (a) culturing human trophoblast cells in 
the presence of (i) anti-Fas antibodies and (ii) serum or plasma obtained from a pregnant 

15 woman; (b) culturing an equivalent sample of human trophoblast cells under the same 
conditions as cells in (a) but in the absence of serum or plasma obtained from a pregnant 
woman; and (c) comparing viability of cells cultured in (a) with the viability of cells 
cultured in (b). If fewer cells cultured in (a) are viable than cells cultured in (b), then the 
woman is determined to have preeclampsia. Optionally, the pregnant woman is to be 

20 assessed for having preeclampsia. In certain embodiments, the anti-Fas antibodies are 
cultured with the cells independently of the serum or plasma. In certain embodiments, 
the invention further comprises (d) determining if cells cultured in (a) undergo apoptosis; 
and (e) determining if cells cultured in (b) under apoptosis, wherein if more cells cultured 
in (a) undergo apoptosis than cells cultured in (b), then the woman is determined to have 

25 preeclampsia. Optionally, the apoptosis is determined by detecting an apoptotic marker. 
In certain embodiments, the apoptotic marker is active caspase-3. In one embodiment, 
the active caspase-3 is selected from pi 7 and pi 9. 

In further embodiments of the invention, the invention relates to a method for 
determining if a pregnant woman is at risk of developing preeclampsia, comprising: (a) 

30 culturing human trophoblast cells in the presence of serum or plasma obtained from a 

pregnant woman and (b) determining if cells cultured in (a) undergo apoptosis, wherein if 
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cells cultured in (a) undergo apoptosis, the woman is determined to be at risk of 
developing preeclampsia.. In certain embodiments, the pregnant woman is in the first 
trimester of pregnancy. In certain embodiments, the pregnant woman is in the second 
trimester of pregnancy. In certain embodiments, the pregnant woman is in the third 
5 trimester of pregnancy. Optionally, the apoptosis is determined by detecting an apoptotic 
marker. In certain embodiments, the apoptotic marker is active caspase-3. In one 
embodiment, the active caspase-3 is selected from pi 7 and pi 9. In certain embodiments, 
the invention further comprises (c) culturing an equivalent sample of human trophoblast 
cells under the same conditions as cells in (a) but in the presence of serum or plasma 

10 obtained from a normal control; and (d) determining if the cells cultured in (c) undergo 
apoptosis, wherein if more cells cultured in (a) undergo apoptosis than cells cultured in 
(c), the woman is determined to be at risk of developing preeclampsia. 

Kits for determining if a pregnant woman is at risk of developing preeclampsia 
are also the subject of this invention. In one embodiment, such a kit comprises 

15 trophoblast cells, growth media, and a container for culturing trophoblast cells. In a 
further embodiment, the trophoblast cells are immortalized trophoblast cells. In an 
additional embodiment, the trophoblast cells are H8 trophoblast cells. The kits of the 
invention can further include instructions for use. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph depicting the effect of normal and preeclamptic serum on trophoblast 
cell viability. 

Figure 2 is a graph depicting the effect of serum from preeclamptic patients on Fas- 
25 mediated apoptosis. 

Figure 3 is a table depicting the patient characteristics relating to the data presented in 
Figures 4-6. 

30 Figure 4 is a graph depicting the effect of normal and pre-preeclamptic serum on 
trophoblast cell viability. 
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Figure 5 is a graph depicting the effect of sera from first, second, and third trimester 
pregnancies on trophoblast cell viability. 

5 Figure 6 is a blot depicting the effect of preeclamptic sera on caspase-3 activation. 

DETAILED DESCRIPTION OF THE INVENTION 

Described herein are methods for determining if a pregnant woman is at risk of 
developing preeclampsia. Also described herein are methods for determining if a 

1 0 pregnant woman has preeclampsia. 

The term "preeclampsia" includes a hypertensive, multi-system disorder of 
pregnant women, characterized by hypertension, proteinuria, and edema. The most 
common symptoms of preeclampsia are high blood pressure, increased protein in the 
urine, and swelling or edema of hands and feet. In specific embodiments of the present 

15 invention, preeclampsia is defined as hypertension (systolic blood pressure >140 mmHg 
or diastolic blood pressure >90 mmHg on at least two occasions, 4 hours to 1 week apart) 
and proteinuria (>300 milligrams in a 24 hour urine collection or one dipstick 
measurement >2+). 

The methods of the invention employ trophoblast cells. In certain embodiments, 
20 the trophoblast cells are immortalized trophoblast cells. For example, immortalized 
trophoblast cells for use in the methods of the subject invention include H8 trophoblast 
cells. Cells used in the invention can be cultured under standard conditions known in the 
art (e.g., baseline conditions as described in the Examples). In certain embodiments, 
trophoblast cells used in the invention are cultured under conditions as provided in the 
25 Examples. 

The present invention provides methods for the detection of patients at risk of 
developing preeclampsia. The present invention also relates to methods for the detection 
of patients with preeclampsia. As described herein, a patient is a woman who is 
pregnant. The subject invention is useful to assess, for a woman in need thereof, the risk 
30 of developing preeclampsia or whether, for a woman in need thereof, a woman has 
preeclampsia. 
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The methods of the present invention employ serum or plasma obtained from a 
pregnant woman. In certain embodiments of the invention, trophoblast cells are 
contacted with serum or plasma obtained from a (one or more than one) pregnant woman, 
e.g., by culturing trophoblast cells in the presence of serum or plasma obtained from a 
5 pregnant woman. In certain embodiments of the present invention, serum or plasma is 
obtained from a pregnant woman once during the course of the pregnancy. Optionally, 
serum or plasma is obtained from a pregnant woman more than once during the course of 
the pregnancy. The serum or plasma for use in embodiments of the subject invention 
may be obtained from a pregnant woman during the first, second, or third trimester of 

10 pregnancy or any combination thereof (e.g., first and third trimesters; e.g., second and 
third trimesters; e.g., first and second trimesters; e.g., first, second and third trimesters). 

The present invention also relates to assessing the viability of trophoblast cells. 
Cell viability can be assessed by any means known in the art. For example, cell viability 
may be assessed by a cell proliferation assay such as the CellTiter 96 ® AQueous One 

15 Solution Cell Proliferation Assay (Promega, Madison, WI). This assay is a colorimetric 
method for determining the number of viable cells in proliferation, cytotoxicity or 
chemosensitivity assays. The CellTiter 96® AQueous One Solution Reagent contains a 
tetrazolium compound [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4- 
sulfophenyl)-2H-tetrazolium, inner salt; MTS] and an electron coupling reagent 

20 (phenazine ethosulfate; PES). Assays are performed by adding a small amount of the 

CellTiter 96® AQueous One Solution Reagent directly to culture wells, incubating for 1- 
4 hours and then recording absorbance at 490nm with a 96-well plate reader. The 
quantity of formazan product as measured by the amount of 490nm absorbance is directly 
proportional to the number of living cells in culture. 

25 The present invention further relates to assessing whether trophoblast cells 

undergo apoptosis. One apoptosis assay that may be used in embodiments of the subject 
invention is a caspase-3 assay, in which caspase-3 activity is measured using a 
colorimetric substrate. For example, cleavage of the substrate Ac-DEVD-pNA by 
caspase-3 releases pNA (p-nitroaniline), which produces a yellow color that can be 

30 monitored by a spectrophotometer at 405nm. The amount of yellow color produced upon 
cleavage is proportional to the amount of caspase-3 activity. 
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In certain embodiments of the present invention, apoptosis of trophoblast cells is 
determined by detection of an apoptotic marker. An apoptotic marker or indicator 
includes, for example, radioactive molecules, fluorescent molecules, and enzymatic 
molecules that are associated with apoptotic cell death. For example, apoptotic markers 
5 include active caspase-3, e.g., caspase-3 pl7 and pl9 fragments. Another apoptosis assay 
that may be used to assess trophoblast cell death is the TUNEL assay, which is used to 
detect the presence of apoptotic cell death. In the TUNEL assay, the enzyme terminal 
deoxynucleotidyl transferase labels 3' -OH DNA ends (which are generated during 
apoptosis) with biotinylated nucleotides. The biotinylated nucleotides are then detected 

10 by immunoperoxidase staining. In further embodiments, apoptotic features such as cell 
shrinkage, chromatin condensation, and DNA fragmentation may be detected as 
indicators of apoptosis. 

In another embodiment, the invention relates to kits useful for the prediction and 
detection of preeclampsia. The kits of the invention comprise trophoblast cells, media 

1 5 suitable for culturing trophoblast cells, and containers for carrying out the methods of the 
present invention. Containers that may be employed in the subject invention include any 
container suitable for carrying out the invention, for example, a container suitable for use 
in the present invention is a well such as a microtiter-plate well. In certain embodiments, 
the kits of the invention include instructions for carrying out the present invention. 

20 The hallmark of normal placentation is the invasion of trophoblast cells into the 

decidual and myometrial segments of the spiral arteries, resulting in the reversible 
obliteration of the normal arterial wall architecture (3). Muscular, medial elastic, and 
endothelial layers of the arteriolar walls are invaded by trophoblasts and replaced by 
fibrinoid material, converting narrow-lumen spiral arteries into large-bore utero-placental 

25 vessels (4). In contrast, failure of physiologic transformation of the myometrial segment 
of the spiral arteries is characteristic of abnormal placentation and has been considered 
central to the pathophysiology of preeclampsia for the past 30 years (5, 3, 6). Moreover, 
recent microscopic studies of placental specimens from women with preeclampsia have 
demonstrated that the extra villous trophoblasts anchoring the placenta to the uterine wall 

30 show marked apoptosis as early as the first trimester (7, 8), suggesting that the initial 
insult occurs early in gestation and may involve the trophoblast (9, 10, 1 1). 
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Around the second postconceptional week, the cytotrophoblast and 
syncytiotrophoblast differentiate from the implanted blastocyst (47). The cytotrophoblast 
divides to form syncytiotrophoblasts and further proliferates to form a specialized 
trophoblast referred to as an extravillous trophoblast. It is the extravillous trophoblast 
5 that extends through the endometrium to reach the border of the decidua and 
myometrium. The extravillous trophoblast continues its invasion into the spiral 
arterioles and replaces the endothelial and muscular linings of the uterine arterioles, 
leading to vasodilation of the uterine vasculature (7). This change ensures a continued 
low resistance system, which potentiates maternal blood flow to the intervillous space 

10 and maintains adequate perfusion of the developing fetus. 

In preeclampsia, with the absence of marked vasodilation and with the lumen of 
the vessels essentially occluded, blood flow and oxygen transfer to the fetus is diminished 
leading to the maternal manifestations of preeclampsia as well as the fetal manifestations 
of oligohydramnios and intrauterine growth restriction (IUGR). One theory to explain 

1 5 the etiology of preeclampsia implicates an injured placenta leading to hypoperfusion of 
the implantation site and endothelial cell damage (48). This local endothelial cell damage 
in turn leads to systemic endothelial cell dysfunction. The initial injury to the placenta 
may be a result of increased cell death or apoptosis of the extravillous trophoblast. 
Apoptosis is an adaptive process which balances cell growth and death to 

20 maintain tissue homeostasis. Many genes are involved in the control of apoptosis. The 
Fas/Fas Ligand (Fas/FasL) system is one of the main apoptotic pathways. The Fas/FasL 
system is expressed in immune as well as non-immune cells such as trophoblasts (50). Its 
expression and function responds to changes in the microenvironment, playing a pivotal 
role in controlling cell proliferation and tissue remodeling (22, 23). Both FasL and Fas 

25 are transmembranous proteins of the TNF-a/TNFot-receptor family. The binding of the 
Fas receptor by FasL results in a downstream activation of a cascade of intracellular 
proteolytic enzymes ending in apoptosis (51). 

Although cytotrophoblast cells from normal pregnancies express Fas and FasL, 
they are resistant to Fas mediated apoptosis (19, 52). Furthermore, it has been 

30 demonstrated that this resistance to Fas - mediated apoptosis is in part dependent on the 
cytokine profile at the implantation site (19). Applicants hypothesize that changes in the 
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normal microenvironment at the implantation site may influence trophoblast sensitivity to 
apoptosis, which may then lead to placental damage, impaired trophoblast invasion and 
pathological conditions such as preeclampsia. 

In certain embodiments, the present invention relates to a cytotoxic assay 
5 comprising trophoblast cells treated with sera from women with normal pregnancies and 
pregnancies complicated by preeclampsia. Further, Applicants have demonstrated a 
differential effect of sera from preeclamptic patients and normal patients on trophoblast 
cell viability and sensitivity to Fas-mediated apoptosis. 

Lately, attention has turned to the role of apoptosis in normal tissue remodeling of 

10 the female reproductive tract and the effect of excessive apoptosis in degenerative 

diseases such as preeclampsia, IUGR and preterm labor (12, 13). Apoptosis within the 
pregnant uterus is important for the establishment of immune privilege, as well as the 
regulation of placental growth (14, 15). However, excessive trophoblast apoptosis may 
affect placental function, resulting in adverse perinatal outcome. Increased trophoblast 

1 5 apoptosis has been documented in the placenta of growth-restricted fetuses (16), recurrent 
spontaneous abortion (17), preeclamptic pregnancy, and post-term pregnancy (18). The 
balance between cell proliferation and cell death is determined by factors produced at the 
maternal-fetal interface or by the maternal circulation (19). 

Another area of study has focused on the importance of the trophoblast in the 

20 pathophysiology of preeclampsia. Specifically, deportation of villous trophoblast debris 
directly into the maternal circulation (39, 40, 41) has been implicated in the genesis of the 
exaggerated intravascular maternal inflammatory response noted in patients with 
preeclampsia. In addition, increased apoptosis of villous and extra villous trophoblasts 
has been reported in cases of preeclampsia (42, 43). 

25 Applicants hypothesized that the factors regulating trophoblast survival are 

present in maternal serum, may be detected early in pregnancy and can be evaluated in 
vitro. Applicants demonstrate that serum from women destined to develop preeclampsia 
significantly reduced trophoblast cell viability. Furthermore, this effect on cell viability 
is apparent as early as the first trimester. In addition, this effect is related to the 

30 activation of the apoptotic cascade in trophoblast cells. This finding is consistent with 
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the hypothesis that the initiating cellular events leading to preeclampsia occur early in 
pregnancy and certainly before the development of clinical signs of the disease. 

Applicants suggest that there is a link between maternal serum factors and 
trophoblast apoptosis. Applicants demonstrate that serum from women with 
5 preeclampsia increases trophoblast sensitivity to Fas-mediated apoptosis (20). Although 
the magnitude is different, the effect on trophoblast cell viability observed in active pre- 
eclamptic cases is similar to that seen when trophoblast cells are exposed to the "pre- 
disease" sera. Interestingly, the "pre-disease" sera induced a greater decrease in cell 
viability than that induced by sera from women with active disease. Hence, instead of a 

10 pressor agent being responsible for the initiation of preeclampsia, as previously believed, 
other factor(s), such as pro-inflammatory cytokine(s), may initiate an abnormally high 
rate of trophoblast apoptosis (44). 

This increased trophoblast apoptosis may in turn lead to defective placental 
function. It has been shown that the pro-inflammatory cytokines TNF-a and IFN -y 

15 increase trophoblast sensitivity to apoptotic stimuli, whereas anti-inflammatory 

cytokines, including IL-10, protect trophoblast cells from apoptosis by up-regulating anti- 
apoptotic proteins such as FLIP (14, 19). Work described herein indicates a role for 
apoptosis in the pathophysiology of trophoblast diseases such as preeclampsia and IUGR. 
A significant decrease in trophoblast viability was observed with sera from women who 

20 subsequently developed preeclampsia (24% vs. 4% p = 0.013) and was associated with 
caspase-3 activation. Accordingly, factors capable of inducing trophoblast apoptosis are 
present in the patients' sera weeks or months before the clinical development of the 
disease. The invention described herein is useful to identify women at risk of 
preeclampsia. 

25 In one embodiment of the present invention, the invention relates to the study of 

apoptosis in preeclampsia as a marker for the onset of the disease. In one embodiment, 
the present invention can be utilized as a sensitive assay to screen for patients at risk of 
developing preeclampsia. In certain embodiments, the sensitivity of this assay is 81%, 
and the specificity 66%, wherein a "positive test" is defined by a reduction in trophoblast 

30 viability greater than 10%. In one embodiment, a pregnant woman is diagnosed as being 
at risk of developing preeclampsia when there is a greater than 10% reduction in 
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trophoblast viability as assessed by the methods of the present invention. For example, in 
certain embodiments, if there is a greater than 10% reduction in viability of trophoblast 
cells cultured in the presence of serum from a pregnant woman when compared to the 
viability of trophoblast cells cultured in the absence of serum from the pregnant woman, 
5 then the woman is determined to be at risk for developing preeclampsia. By assessing 
large numbers of patients, the sensitivity and specificity of the assays of the subject 
invention can be increased. 

An advantage of the present invention is the fact that the predictability of disease 
is not confined to the 3rd trimester. Applicants were able to show differential effects of 

10 sera obtained as early as 6 weeks of gestation on trophoblast cell viability. Although not 
all patients at risk for developing preeclampsia enter prenatal care in the first trimester, 
the subject invention can be used since a reduction in trophoblast viability was observed 
in the pre-disease group, regardless of which trimester the serum sample was obtained. 
Applicants suggest a potential link between serum factor(s) and trophoblast 

15 viability. This factor(s) may be responsible for changes in the normal microenvironment 
at the implantation site, which may have a direct effect on trophoblast viability, leading to 
impaired trophoblast function and invasion. Regardless of the specific nature of this 
factor(s), it appears that it is present and active several weeks before patients show 
clinical signs/symptoms of preeclampsia. 

20 The practice of the present invention will employ, unless otherwise indicated, 

conventional techniques of cell biology, cell culture, molecular biology, microbiology, 
recombinant DNA, and immunology, which are within the skill of the art. Such 
techniques are described in the literature. See, for example, Current Protocols in Cell 
Biology, ed. by Bonifacino, Dasso, Lippincott-Schwartz, Harford, and Yamada, John 

25 Wiley and Sons, Inc., New York, 1999. 

EXEMPLIFICATION 

The invention now being generally described, it will be more readily understood 
by reference to the following examples, which are included merely for purposes of 
illustration of certain aspects and embodiments of the present invention, and are not 
30 intended to limit the invention. 
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EXAMPLE 1 

Methods 

Cells 

First trimester H8 trophoblast cell line was maintained in RPMI supplemented 
5 with 10% Fetal Bovine Serum (FBS) (Gemini Byproducts), 1000 units/ml penicillin, 100 
jug/ml streptomycin, 10 mM HEPES, 100 nM non-essential amino acids and 1 mM 
sodium pyruvate (Gibco, Carlsbad, California), at 37 °C/5% CO2. 

Blood samples 

10 Blood samples were obtained from normal patients in the first (18), second (19), 

and third trimester (11), and 12 preeclamptic patients. Pregnancies were considered 
normal when medical and obstetrical complications of pregnancy were ruled out and 
birthweight was appropriate-for-gestational-age at term (>37 gestational weeks). 
Preeclampsia was defined as hypertension (systolic blood pressure >140 mmHg or 

15 diastolic blood pressure >90 mmHg on at least two occasions, 4 hours to 1 week apart) 
and proteinuria (>300 milligrams in a 24 hour urine collection or one dipstick 
measurement >2+)(21). The medical records of all of the normal control patients were 
reviewed to confirm that no one had antepartum, intrapartum or postpartum 
complications. Patients with chronic hypertension, diabetes mellitus, antiphospholipid 

20 antibody syndrome, thrombophilic mutations or transient blood pressure elevations were 
excluded from this study. Approval for this study was obtained through the Human 
Investigations Committee at Yale University and NICHD. 

Cytotoxic Assay 

25 For the cytotoxic assay, 5,000 H8-trophoblast cells/well were plated in a 96 well 

plate in complete media. Afterwards, cells were incubated in Optimem, (without serum) 
for 24 hours, thereafter treated with serum from the patients at 10% final concentration in 
Optimem for 48 hours at 37°C. 

Cell viability was assessed with the Cell Titer 96 Aqueous One Solution Cell 

30 Proliferation Assay (Promega). This assay is a colorimetric method for determining the 
number of viable cells in culture. It utilizes 3-(4,5-dimethylthiazol- 2-yl)- 5- (3- 
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carboxymethoxphenyl) - 2- (4-sulfophenyl)- 2H-tetrazolium (MTS) that is bioreduced by 
cells into a colored formazan product. NADPH accomplishes this conversion or NADH 
produced by dehydrogenase enzymes in metabolically active cells (53). Thus, the 
quantity of formazan product, as measured by the amount of absorbance at 490nm, is 
5 directly proportional to the number of living cells in culture. The data is presented as 
percent viability, which is calculated by subtracting the amount of viable cells in the 
experimental condition (e.g., trophoblast cells cultured in the presence of serum from a 
pregnant woman), from the amount of viable cells in the baseline condition (e.g., an 
equivalent sample of trophoblast cells cultured in the absence of serum from a pregnant 
10 woman), divided by the amount of viable cells in the baseline condition, multiplied by 
100% (23). 

Sensitivity to Fas-mediated apoptosis 

In addition to the serum from normal pregnant controls or from preeclamptic 

15 cases, the first trimester H 8 trophoblast cells were treated with an agonist anti Fas 

antibody or a blocking anti FasL antibody. Anti Fas antibody mimics FasL and promotes 
apoptosis, while anti-FasL antibody blocks the receptor and inhibits apoptosis. Cell 
viability was assessed with the Cell Titer 96 Aqueous One Solution Cell Proliferation 
Assay (Promega). Cell viability was expressed as percentage of the control as described 

20 above. 



Statistical analysis 

The data were tested for statistical significance by the ANOVA; Bonferroni 
comparison of means and student t test where appropriate. A p value of <0.05 was 
25 considered significant. 

Results 

Effect of Normal Serum from Each Trimester on Trophoblast Cell Viability 

To characterize the effect of normal serum obtained from first, second and third 
30 trimesters of pregnancy on trophoblast cell viability, Applicants developed a cytotoxicity 
assay comprising first trimester H-8 trophoblast cells incubated for 48 hours with the 
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patients' serum. Serum obtained from the first trimester of normal pregnancy induced a 
12% reduction in cell viability compared to base line conditions. A 4% increase in cell 
viability was observed when the trophoblast were exposed to 2nd trimester sera, and a 
3% decline in cell viability was seen when 3rd trimester sera were used. 

5 

Effect of Serum from Preeclamptic Patients on Trophoblast Viability 

Applicants then evaluated the effect of serum obtained from patients with the 
diagnosis of preeclampsia on trophoblast cell viability. Thus, when the trophoblast cells 
were exposed to serum from women with preeclampsia, there was a 27% decline in cell 
10 viability. This was a significant difference from the normal pregnancy control group (p= 
0.014; Figl). 

Effect of Serum from Preeclamptic Patients on Fas-mediated apoptosis 

In order to elucidate whether the decrease on trophoblast cell viability induced by 

1 5 serum from preeclamptic patients involves Fas-mediated apoptosis, cells were treated 

during the incubation period with an anti Fas antibody, which mimics FasL and promotes 
apoptosis, or a blocking anti FasL antibody that blocks the interaction of FasL with Fas 
and therefore inhibits Fas-mediated apoptosis. In the normal pregnancy control group, 
the addition of anti Fas or Anti FasL antibodies produced no effect on trophoblast cell 

20 viability. In contrast, the addition of anti Fas antibody to the preeclamptic sera further 
increased cell death to 35% reduction in trophoblast viability compared to the normal (p= 
0.022). No effect was found following treatment with the anti-FasL antibody. (Figure 2). 

Discussion 

Applicants describe a cytotoxic effect of preeclamptic serum on first trimester 
25 trophoblast cells. Furthermore, Applicants show that this effect may be related to changes 
in trophoblast sensitivity to Fas mediated apoptosis. 

Apoptosis is an adaptive process to balance cell growth and death, and restore 
homeostasis. During early pregnancy, the trophoblast is in general resistant to apoptosis 
allowing the growth and normal invasion of the placenta. Some studies suggest that 
30 placental apoptosis may increase as pregnancy progresses. Dysregulation of apoptosis 
may be related to pathologic conditions such as preeclampsia, intrauterine growth 
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restriction, and possibly pre-term labor (54-56). It has recently been shown that there is 
increased apoptosis in placental beds of pregnancies complicated by preeclampsia (57). 

Applicants have shown a differential effect of serum from normal pregnancies 
and preeclamptic pregnancies on trophoblast cell viability. While normal serum did not 
5 induce significant changes in cell viability, serum from preeclamptic patients had a 
cytotoxic effect on trophoblast cells. This finding suggests the presence of factor(s) 
affecting the regulation of apoptosis. Some of these toxic factors may be related to 
cytokines, which can induce activation of apoptotic genes and promote cell death. Thus, 
preeclampsia has been related to increase in proinflammatory cytokines such as TNF-a, 

10 IL-1, IFNy, and IL-6 (54, 58, 59). These cytokines have been shown to activate 

apoptotic genes such as the Fas/FasL system (19) and bcl2 family (57) in trophoblast, 
leading to aberrant placental invasion, function, and rejection. 

It has been demonstrated that anti-inflammatory cytokines increase the resistance 
of trophoblast cells to Fas-mediated apoptosis, either by inhibiting Fas expression or 

15 inducing FLIP activation. On the other hand, pro-inflammatory cytokines increase 

trophoblast sensitivity to Fas-mediated apoptosis (19). Applicants have found that serum 
from preeclamptic patients render the trophoblast more sensitive to Fas mediated 
apoptosis, suggesting the presence of high levels of proinflammatory cytokines. 

An important cellular component in preeclampsia is the presence of high levels of 

20 activated neutrophils, which constitutes a potential source of pro-inflammatory cytokines, 
creating a pro-apoptotic milieu at the maternal-fetal interface (60-63). 

Applicants suggest that changes in the normal microenvironment at the 
implantation site influence trophoblast sensitivity to apoptosis, which then may lead to 
placental damage, impaired trophoblast invasion and pathological conditions such as 

25 preeclampsia. The present invention demonstrates a potential link between systemic 

serum factor(s) and their local effect on trophoblast cell viability. Although the systemic 
cytotoxic factors have not yet been identified, clearly the differential effect of serum from 
normal versus preeclamptic patients on trophoblast viability suggests their presence. 

30 EXAMPLE 2 
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Applicants investigated whether the sera of women who subsequently develop 
preeclampsia have a pro-apoptotic effect on trophoblasts. 

Study Design 

5 Serum samples were obtained from 96 pregnant women. Fifty-eight samples (28 

first trimester, 19 second trimester, 1 1 third trimester) were obtained from women who 
remained normotensive throughout the gestation (herein referred to as normal). Thirty- 
eight samples (14 first trimester, 18 second trimester, 6 third trimester) were from women 
who were normotensive at the time that the serum samples were obtained and who 

10 subsequently developed preeclampsia (herein referred to as pre-disease). Preeclampsia 
was defined as hypertension (systolic blood pressure >140 mmHg or diastolic blood 
pressure >90 mmHg on at least two occasions, 4 hours to 1 week apart) and proteinuria 
(>300 milligrams in a 24 hour urine collection or one dipstick measurement >2+)(21). 
The medical records of all of the normal control patients were reviewed to confirm that 

15 none of them had antepartum, intrapartum or postpartum complications. Patients with 
chronic hypertension, diabetes mellitus, antiphospholipid antibody syndrome, 
thrombophilic mutations or transient blood pressure elevations were excluded. The use of 
these samples for research purposes was approved by the Human Investigation 
Committee at Yale University and the NICHD IRB. 

20 

Cell Viability Assay 

The first trimester human trophoblast cell line, H8, was maintained in RPMI 
supplemented with 10% FBS (Gemini Bioproducts), 1000 U/ml penicillin, 100 jug/ml 
streptomycin, 10 mmol/1 HEPES, 100 mmol/1 non-essential amino acids and 1 mmol/1 

25 sodium pyruvate (Gibco, BRL, Gaithersburg, MD, USA), at 37 °C/5% C0 2 . For the 

assay, trophoblast cells (5000 cells/well) were plated in a 96 well plate in complete media 
and grown to 80% confluence. Cells were then incubated in OptiMem (Opti-Merr, Gibco 
BRL) (without serum) for 24 hours, and thereafter treated with serum obtained from the 
patients at 10% final concentration in OptiMem for 48 hours at 37°C. Cell viability was 

30 assessed with the Cell Titer 96 Aqueous One Solution Cell Proliferation Assay (Promega, 
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Madison, WI, USA). This assay is a colorimetric method for determining the number of 
viable cells in culture. It utilizes 3-(4,5-dimethylthiazol- 2-yl)- 5- (3- 
carboxymethoxphenyl) - 2- (4-sulfophenyl)- 2H-tetrazolium (MTS) that is bio-reduced 
by cells into a colored formazan product. All specimens were run in duplicate and 
5 repeated at least two times with similar results. The data are presented as percent 

viability, which is calculated by subtracting the amount of viable cells in the experimental 
condition (e.g., trophoblast cells cultured in the presence of serum from a pregnant 
woman), from the amount of viable cells in the baseline condition (e.g., trophoblast cells 
cultured in the absence of serum from a pregnant woman), divided by the amount of 
10 viable cells in the baseline condition, multiplied by 100% (22). 

Effect of normal and pre-preeclamptic serum on trophoblast cell viability 

The first trimester H8 trophoblast cell line was treated with 10% serum obtained 
from normotensive women or pre-disease patients in the first, second and third trimesters 
15 of pregnancy. Cell viability was determined by the Cell Titer 96 assay. Data are 

presented as mean + SD percentage of the control (*pre-disease 76% + 5% vs. normal 
pregnancy 97% + 4%; p = 0.007) (Figure 4). 

Effect of sera from first, second and third trimester pregnancies on trophoblast cell 
20 viability 

The first trimester H8 trophoblast cell line was treated with 10% serum obtained 
from first, second or third trimester of pregnancy of normotensive and pre-disease 
women. Cell viability was determined by the Cell Titer 96 assay. Data are presented as 
mean + SD percentage of the control (*p = 0.007. ** p = 0.001) (Figure 5). 

25 

Western Blot analysis 

5xl0 5 cells were plated in 35mm 2 petri dishes (BD Biosciences), grown to 70% 
confluence, and treated with sera as described above. Following treatment, cells were 
lysed in 1% NP40 and 0.1% SDS in the presence of 0.2mg/ml PMSF and a protease 
30 inhibitor cocktail (Roche Applied Science, Indianapolis, IN) on ice for 20 minutes. 
Cellular debris was removed by centrifugation at 14,000 x g at 4°C. Protein 
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concentrations were determined by BCA assay (Pierce Biotechnology, Rockford, IL) and 
20 |iig of each sample was denatured in sample buffer (2.5% SDS, 10% glycerol, 5% b- 
mercaptoethanol, 0.15 M Tris (pH 6.8) and 0.01% bromophenol blue) and subjected to 
12% SDS-PAGE. Proteins were transferred to PVDF membranes (NEN Life Sciences, 
5 Boston, MA) at 100V for 105 minutes as previously described (23, 24). 

Antibodies and concentrations were as follows: rabbit anti-actin (Sigma, 
1:10,000), rabbit anti-proform caspase-3 (Santa Cruz, Santa Cruz CA. 1:1,000), rabbit 
anti-cleaved caspase-3 (Cell Signaling, 1:1000). Detection of antibody signals was 
determined by enhanced chemiluminescence detection of peroxidase conjugated 
10 secondary antibodies (Vector). The intensity of the signals were analyzed by 

densitometry and normalized to the Beta-actin signal using a digital imaging analysis 
system and ID Image Analysis Software (Kodak Scientific Imaging Systems, Rochester, 
NY). 

1 5 Effect of Preeclamptic sera on Caspase-3 activation 

The first trimester H8 trophoblast cell line was treated with 10% serum obtained 
from preeclamptic patients for 48 hours. The expression of the active form of caspase-3 
was determined by Western blot analysis. Note the presence of the pi 7 and pi 9 bands in 
the trophoblast cells treated with sera from preeclamptic patients, but not in the group 

20 treated with sera from normotensive patients (Figure 6). 

Statistical analysis 

The data were tested for statistical significance by the ANOVA, followed by post 
hoc tests with correction for multiple comparisons and Student t test where appropriate. 
25 A p value of O.05 was considered significant. 

Results 

Patients profile 

30 There were no significance differences in maternal age, gravidity or gestational 

age at serum collection between the two groups. There were more nulliparous women in 
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the pre-disease group and the mean gestational age at which the diagnosis of 
preeclampsia was determined was 31.4 weeks (Figure 3). 

Pre-disease serum reduces trophoblast cell viability 
5 In order to determine if sera from pre-disease patients influences trophoblast 

survival, Applicants initially evaluated the effect of sera from pre-disease vs. normal 
pregnancies on trophoblast cell viability. Treatment with serum obtained from pre- 
disease patients induced a statistically significant decrease in H8 trophoblast cell viability 
compared to the normal, gestational aged matched controls (24 % vs. 4% respectively p = 
10 0.007; Figure 4). 

Pre-disease serum from each trimester has differential effects on trophoblast cell viability 

Applicants also determined if the effect of pre-disease serum on trophoblast 
survival was dependent on gestational age. In order to do so, Applicants analyzed the 

1 5 effect of sera obtained from pre-disease and normal patients in the first, second and third 
trimester of pregnancy. Whereas serum obtained from pre-disease women in the first 
trimester was associated with a 27% reduction in cell viability (p = .002; Figure 5), serum 
obtained from normal pregnant women in the first trimester showed a 4% reduction in 
cell viability. Serum obtained from pre-disease women caused an 8% reduction in cell 

20 viability (p= .06; Figure 5), while serum obtained from normal pregnant women in the 
second trimester showed a 5% increase in cell viability. Treatment with sera from the 
pre-disease group in this trimester induced a 41% reduction in cell viability (p = .001; 
Figure 5), whereas serum obtained from normal pregnant women in the third trimester 
showed a 4% reduction. These results indicate that the decrease in trophoblast cell 

25 viability following treatment with pre-disease sera is predominantly detected in the first 
and third trimester of pregnancy. 

Caspase-3 activation in trophoblast cells 

In order to determine whether the decrease in trophoblast viability observed in 
30 trophoblast cells after treatment with preeclamptic sera was related to the activation of 
the apoptotic cascade, Applicants evaluated the expression of caspase-3 by Western Blot 
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analysis. As shown in Figure 6, the active forms of caspase-3 (pi 9 and pi 7) were 
detected in trophoblast cells treated with sera obtained from preeclamptic patients, but 
not in trophoblast cells treated with sera from normotensive controls. However, all the 
groups express the pro-form (p30) of caspase-3. This suggests that the apoptotic cascade 
5 is activated only in trophoblast cells treated with pre-disease serum. 

Caspase-3 Assay 

Caspase-3 substrate (Ac-DEVD-pNA) was added to a final concentration of 200 fiM in 
100 ill reactions containing 100 mM HEPES (pH 7.5), 10% sucrose, 0.1% CHAPS, 2% 
10 DMSO, and 10 mM DTT in a 96 well plate. Plates were incubated at 37°C for 4 hours. 
Absorbance of the cleaved product was read at 405 nm using Dynatech MR5000 plate 
reader. Blank values were subtracted and relative activity was calculated based on 
activity from untreated cells. 

15 
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5 INCORPORATION BY REFERENCE 

All publications and patents mentioned herein are hereby incorporated by 
reference in their entirety as if each individual publication or patent was specifically and 
individually indicated to be incorporated by reference. In case of conflict, the present 
application, including any definitions herein, will control. 

10 

EQUIVALENTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
15 described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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